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Abstract: The study deals with the connection between ozone content of air and light trap catch of ten Caddisflies 
(Trichoptera) species from a Jermy-type light-trap. Five species were collected in connection with the increasing the 
high values of the ozone content, but decrease were observed in case of four species. The results can be written 
down with second- or third-degree polynomials. Our results proved that the daily catches were significantly 
modified by the ozone content of air, expressing the different lengths and intensities of the ozone content. The 
different form of behaviour, however, is not linked to the taxonomic position. Further testing will be required for 
fuller explanation of the results. 
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1. Introduction 
 
Summer daytime ozone concentration correlates 
strongly with temperature. The tropospheric Ozone (O3) 
concentration has been monitored in Hungary at K-
puszta (46°58’N 19°35’E) by the Hungarian 
Meteorological Service since 1996, with 10 minutes 
averaged ozone concentration detected. Since 2004 the 
monitoring system was extended to 10 stations in 
Budapest and 37 ones in other locations throughout 
Hungary. The ozone content of the air is usually 
measured in ppm, ppb, μg or mg units (0.1 ppm O3 by 
weight = 100 ppb O3 by weight = 200 μg 
O3/m3 = 0.2 mg O3/m3) (Ladányi et al., 2012). 
Ozone concentration in the summer months – 
from May until August – is higher than in other months 
of the year. There are typical daily changes. The ozone 
content is high from noon to evening and decreases 
from evening to dawn. It hit its lowest point in the dawn 
hours and begins to rise again in the early morning. 
Ozone concentrations in the atmosphere depend also on 
several meteorological factors (Tiwari et al., 2008). 
The highest ozone levels occur typically in towns 
and cities, however, in some situations high ozone 
content has been measured in locations even hundreds 
of kilometers far away from the emission sources. 
Elevated ozone concentration is detected usually in the 
summer months - from May until August - caused by 
bright sunshine and high temperature, or sometimes in 
early spring, mainly in March (Ferenczy, 2012).  
Kalabokas and Bartzis (1998), Kalabokas (2002), 
Kalabokas et al., (2000), Papanastasiou et al., (2002, 
2003) as well as Papanastasiou and Melas (2006) in 
Greece have studied the daily and monthly ozone 
content fluctuation. The ozone content is usually higher 
from noon to evening and decreasing from evening to 
dawn. It hit its lowest point in the dawn hours and 
begins to rise again in the early morning. However, 
according to Juhász et al., (2006) the ozone content of 
the atmosphere is occasionally still significantly high 
during the night.  
The highest concentration of ozone is Maleficent 
to insects. The study of Kells et al., (2001) evaluated 
the efficacy of ozone as a fumigant to disinfest stored 
maize. Treatment of 8.9 tonnes of maize with 50 ppm 
ozone for 3 days resulted in 92–100% mortality of adult 
Red Flour Beetle, Tribolium castaneum (Herbst), adult 
Maize Weevil, Sitophilus zeamais (Motsch.), and larval 
Indian Meal Moth, Plodia interpunctella (Hübner). 
Biological effects of ozone have been investigated 
by Qassem (2006) as an alternative method for grain 
disinfestations. Ozone at a concentration of 0.07g/m3 
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killed adults of Grain Weevil (Sitophilus granarius L.), 
Rice Weevil (Sitophilus oryzae L.) and Lesser Grain 
Borer (Rhyzopertha dominica Fabr.) after 5-15 hours of 
exposure. Adult death of Rice Flour Beetle (Tribolium 
confusum Duv.) and Sawtoothed Grain Beetle 
(Oryzaephilus surinamensis L.) was about 50% after 
15-20 hours of exposure. Total adult death of all insect 
species was made with 1.45g/m3 ozone concentration 
after one hour of exposure. Valli and Callahan (1968) 
examinations made with light-traps indicated an inverse 
relationship between O3 and insect activity. According 
to Bonjour et al., (2011), ozone fumigation has 
potential for the control of some stored grain insect 
pests of wheat. 
Our earlier results suggest that the flying activity 
of the Common Cockchafer (Melolontha melolontha 
L.) (Puskás and Nowinszky, 2010), European Corn 
borer (Ostrinia nubilalis Hbn.) (Nowinszky and Puskás, 
2011), Scarce Bordered Straw (Helicoverpa armigera 
Hbn.), (Puskás and Nowinszky, 2010), Latticed Heath 
(Chiasmia clathrata L.) and April Beetle (Rhizotrogus 
aequinoctialis Herbst) increase when the ozone content 
is high. In case of Hebrew Character (Xestia c-nigrum 
L.), we detected the increasing flying activity with 
increasing ozone concentration up to a certain level of 
ozone concentration which was followed by a 
decreasing flying activity (Ladányi et al., 2012). 
In the our earlier study (Nowinszky et al., 2012) 
we established that the pheromone trapping of the seven 
Microlepidoptera species, Spotted Tentiform Leafminer 
(Phyllonorycter blancardella Fabricius), Red Midget 
Moth (Phyllonorycter corylifoliella Hübner), Codling 
Moth (Cydia pomonella Linnaeus), Peach Twig Borer 
(Anarsia lineatella Zeller), European Vine Moth 
(Lobesia botrana Denis et Schiffermüller), Oriental 
Fruit Moth (Grapholita molesta Busck) and Plum Fruit 
Moth (Grapholita funebrana Treitschke) are most 
fruitful when the ozone content of the air is high. By 
contrast, low ozone values, reduce the successfulness of 
the catching to a moderate level.  
 
2. Materials 
 
We had at our disposal the ozone data registered at 
K-puszta in the year 2000. 
We have downloaded these data (μg/m3) from the 
website of Norsk Institutt for luftforskning (Norwegian 
Institute for Air Research (NILU) 
(http://tarantula.nilu.no/projects/ccc/emepdata.html/). 
The geographical coordinates of K-puszta are the 
following: 46° 58’ N and 19° 35’ E. We worked with 
the ozone data of the time 23 o’clock (GMT).  
We collected Caddisflies (Trichoptera) species 
with a Jermy-type light-trap near the Tisza River at 
Szolnok (47°10'76"N, 25°11'25"E) in 2000 between 1st 
June and 30th September. Those species were chosen, 
which fly to the lamp en masse.   
The catching data of Caddisflies species are 
presented in Table 1.  
 
Table 1. Catching data of the Trichoptera species of Tisza River at 
Szolnok. 
 
Light trapped species Number of individuals 
Number 
of nights 
Ecnomidae   
Ecnomus tenellus Rambur, 1842 2193 103 
Polycentropodidae   
Neureclipsis bimaculata Linnaeus, 
1758 1502 93 
Hydropsychidae   
Hydropsyche contubernalis 
McLachlan, 1865 11711 176 
Hydropsyche bulgaromanorum 
Malicky, 1977 22508 101 
Limnephilidae   
Limnephilus affinis Curtis, 1834 707 100 
Halesus digitatus Schrank, 1781 1009 55 
Leptoceridae   
Athripsodes albifrons Linnaeus, 1758 810 112 
Ceraclea dissimilis Stephens, 1836 947 102 
Oecetis ochracea Curtis, 1825 282 81 
Setodes punctatus Fabricius, 1793 1759 83 
 
3. Methods 
 
The light source of the applied Jermy-type light-
traps was a 100W normal white light electric bulb 
hanged under a metal cover (Ø: 1m) at 200cm height 
above the ground. The traps were operated through 
every night during the season from April until October 
(Jermy, 1961). 
It is clear that the sizes of the species populations 
are very different at different sites and time intervals. 
Therefore, we calculated the dimension-free relative 
catch (RC) data for each observation site and day. The 
RC is the quotient of the number of individuals caught 
in a trap during a sampling time unit (1 night) and the 
average number of individuals of the same generation 
caught in the same time unit calculated over the whole 
experimental area. In case of the expected average 
individual number, the RC value is 1 (Nowinszky, 
2003).  
We paired the relative catch values of each species 
of the ozone data on every day during the collection 
periods. We arranged the values of the ozone data into 
classes using the method of Sturges (Odor and Iglói, 
1987) and then calculated the average relative catch 
data related to them within both classes. We 
demonstrated our results and communicated the 
equations of the curves and significance levels too. 
 
4. Results and Discussion 
 
Our results, including regression equations and 
significance levels, are displayed in Fig. 1-10. 
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Fig. 1. Light-trap catch of Ecnomus tenellus Rambur depending on 
the ozone content of the air (Szolnok, 2000). 
 
 
 
Fig. 2. Light-trap catch of Neureclipsis bimaculata L. depending on 
the ozone content of the air (Szolnok, 2000). 
 
 
 
Fig. 3. Light-trap catch of Hydropsyche contubernalis McLachlan 
depending on the ozone content of the air (Szolnok, 2000). 
 
 
 
Fig. 4. Light-trap catch of Hydropsyche bulgaromanorum Malicky 
depending on the ozone content of the air (Szolnok, 2000). 
 
 
 
Fig. 5. Light-trap catch of Limnephilus affinis Curtis depending on 
the ozone content of the air (Szolnok, 2000). 
 
 
 
Fig. 6. Light-trap catch of Halesus digitatus Schrank depending on 
the ozone content of the air (Szolnok, 2000). 
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Fig. 7. Light-trap catch of Athripsodes albifrons L. depending on the 
ozone content of the air (Szolnok, 2000). 
 
 
 
Fig. 8. Light-trap catch of Ceraclea dissimilis Stephens depending on 
the ozone content of the air (Szolnok, 2000). 
 
 
 
Fig. 9. Light-trap catch of Oecetis ochracea Curtis depending on the 
ozone content of the air (Szolnok, 2000). 
 
 
 
 
Fig. 10. Light-trap catch of Setodes punctatus Fabricius depending 
on the ozone content of the air (Szolnok, 2000). 
 
 
 
Our present results suggest that the flying activity 
of the Athripsodes albifrons L., Neureclipsis 
bimaculata L., Oecetis ochracea Curtis, Setodes 
punctatus Fabr., Hydropsyche contubernalis 
McLachlan and Ceraclea dissimilis Stephens increase 
when the ozone content is high. Contrarily these flying 
activities of the Ecnomus tenellus Rambur, 
Hydropsyche bulgaromanorum Malicky, Halesus 
digitatus Schrank and the Limnephilus affinis Curtis 
decrease when the ozone content is high. The light-trap 
catches verify this fact. Low relative catch values 
always refer to weather situations in which the flight 
activity of insects diminishes. However, high values are 
not so clear to interpret. Major environmental -lived, 
therefore unfavourable weather endangers the survival 
of not just the individual, but the species as a whole. In 
our hypothesis, the individual may adopt two kinds of 
strategies to evade the impacts hindering the normal 
functioning of its life phenomena. It may either display 
more liveliness, by increasing the intensity of its flight, 
copulation and egg-laying activity or take refuge in 
passivity to weather an unfavourable situation. And so 
by the present state of our knowledge, we might say 
that favourable and unfavourable weather situations 
might equally be accompanied by a high catch (Puskás 
and Nowinszky, 2003).   
As the impact of the tropospheric ozone content 
on the relative catch of the insects is not widely 
researched field yet, our observations raise several 
unsolved problems. It need to be clarified whether the 
main reasons for the examined phenomenon should be 
searched in the rate of ozone sensitivity of the species, 
in the current phonological phase of the insects in 
which the high ozone content is observed, in the length 
of time of ozone stress or in other species-specific 
aspects (Ladányi et al., 2012). It is important to 
investigate the ozone content in the troposphere has 
increased markedly during the past century, mainly 
because of the release of nitric oxide, carbon monoxide 
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and gaseous hydrocarbons from vehicles and industrial 
processes and from the burn of biomass in the tropics 
(Lelieveld et al., 1995). 
 
References 
 
[1]. Bonjour, E.L., Opit, G.P., Hardin, J., Jones, C.L., 
Payton, M.E., Beeby, R.L. (2011). Efficacy of 
ozone fumigation against the major grain pests in 
stored wheat. J. Econ. Entomol., 104: 308-316.  
[2]. Ferenczi, Z. (2012). Tropospheric ozone 
measurements at the background monitoring 
stations of Hungarian Meteorological Service. 
http://owww.met.hu/en/hmshp.php?almenuid=ho
mepages&pid=anaten&pri=5&mpx=0.  
[3]. Jermy, T. (1961). Investigation of the swarming of 
harmful insects using light-traps (in Hungarian). A 
Növényvédelem Időszerű Kérdései, 2: 53-61. 
[4]. Juhász, Á., Mészáros, R., Szinyei, D., Lagzi, I., 
Horváth, L. (2006). Evaluation of ozone laden 
weight based on model calculations (in 
Hungarian). Légkör, 51: Special Issue 29-31. 
[5]. Kalabokas, P.D. (2002). Rural surface ozone 
climatology around Athens, Greece. Fresenius 
Environmental Bulletin, 11 (8): 474-479. 
[6]. Kalabokas, P.D., Bartzis, J.G. (1998). 
Photochemical air pollution characteristics at the 
station of the NCSR-Demokritos, during the 
MEDCAPHOT-TRACE campaign in Athens, 
Greece (20 August–20 September 1994). 
Atmospheric Environment, 32 (12): 2123-2139. 
[7]. Kalabokas, P.D., Viras, L.G., Bartzis, J.G., 
Repapis, Ch. C. (2000). Mediterranean rural 
ozone characteristics around the urban area of 
Athens. Atmospheric Environment, 34: 5199-
5208. 
[8]. Kells, S.A., Mason, L.J., Maier, D.E., Woloshuk, 
Ch. P. (2001). Efficacy and fumigation 
characteristics of ozone in stored maize. Journal 
of Stored Products Research, 37 (4): 371-382. 
[9]. Ladányi, M., Nowinszky, L., Kiss, O., Puskás, J., 
Szentkirályi, F., Barczikay, G. (2012). Modelling 
the impact of tropospheric ozone content on light- 
and pheromone-trapped insects. Applied Ecology 
and Environmental Research, 10 (4): 471-491. 
[10]. Lelieveld, J., Crutzen, P.J., Jacob, D., Thompson, 
A. (1995). Modeling of biomass burning 
influences on tropospheric ozone, Safari Book.  
[11]. Nowinszky, L. (ed.) (2003). The Handbook and 
Light Trapping. Savaria University Press, pp. 276. 
[12]. Nowinszky, L., Puskás, J. (2011). Light-trap catch 
of the harmful insects in connection with the 
ozone content of the air. Journal of Advanced 
Laboratory Research in Biology, 2 (3): 98-102. 
[13]. Nowinszky, L., Barczikay, G., Puskás, J. (2012). 
Pheromone trap catch of the harmful 
Microlepidoptera species depending on the ozone 
content of the air in Hungary. Acta Entomologica 
Serbica, 17 (1/2): 53-62. 
[14]. Odor, P., Iglói, L. (1987). An introduction to the 
sport's biometry (in Hungarian). ÁISH Tudományos 
Tanácsának Kiadása. Budapest. pp. 267. 
[15]. Papanastasiou, D.K., Melas D., Zerefos, C.F. 
(2003). Relationship of meteorological variables 
and pollution with ozone concentrations in an 
urban area. 2nd International Conference on 
Applications of Natural-, Technological- and 
Economical Sciences, Szombathely (10th May), 
CD-ROM. pp. 1-8. 
[16]. Papanastasiou, D.K., Melas, D. (2006). Predicting 
daily maximum ozone concentration in an urban 
area. 4th International Conference on Applications 
of Natural-, Technological- and Economical 
Sciences, Szombathely (28th May), CD-ROM. pp. 
1-7. 
[17]. Papanastasiou, D.K., Melas, D., Zerefos, C.F.  
(2002). Forecast of ozone levels in the region of 
Volos. 6th Hellenic Conference in Meteorology, 
Climatology and Atmospheric Physics. Ioannina 
(Greece). Abstracts 79-80. 
[18]. Puskás, J., Nowinszky, L. (2003). Meteorological 
events. – In: Nowinszky, L. [ed.]: The Handbook 
of Light Trapping. Savaria University Press, 155-
161.  
[19]. Puskás, J., Nowinszky, L. (2010). Flying activity 
of the Scarce Bordered Straw (Helicoverpa 
armigera Hbn.) influenced by the ozone content 
of air. Advances in Bioresearch, 1 (2): 139-142. 
[20]. Puskás, J., Nowinszky, L. (2011). Light-trap catch 
of common cockchafer (Melolontha melolontha 
L.) depending on the atmospheric ozone 
concentration. Acta Silv. Lign. Hung., 7: 147-150. 
[21]. Qassem, E. (2006). The use of ozone against 
stored grain pests. Ninth Arab Congress of Plant 
Protection, 19-23 November 2006, Damascus, 
Syria, C 5 E-225. 
[22]. Tiwari, S., Rai, R., Agrawal, M. (2008). Annual 
and seasonal variations in tropospheric ozone 
concentrations around Varanasi. International 
Journal of Remote Sensing, 29 (15): 4499-4514. 
[23]. Valli, V.J., Callahan, P.S. (1968). The effect of 
bioclimate on the communication system of night-
flying moths. International Journal of 
Biometeorology, 12 (2): 99-118. 
 
